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SHOE R Ao L IRRMECHUEF SRR E R R AT
A% mbF FEE (Angiotensinl 5 Angll ) 2% mo e % 48 Bl &
Fao o BB SRR CMATHERZARREE CAoBERE
42 K EBF-1 (IGF-1) R 5% 4 KB F-1I (IGF-II) 285 52 <AL
I EERAL  XRERF Angl THRAFT RN @iE T > 35
£ IGF-1 t9 8 B ik - RIBRIFAE Ang IT 7L fa Bz 64 ) BRI ©
B LA F > Ang TR E T A48 %% IGF-1 4o IGF-11 & & 3,
%Wé’M&Kmﬂﬁumm%¢%ﬁ%%éﬂ%*%%°ﬁ$?%
P B 7E k3 IGF- 11 5 48 4£ IGF-1 receptor FR4L &Y LT » & & IGF-11
receptor &b a4 EA 4R 88 (Calcineurin) - Wi pouAlmfo g A€ » 3
EHEEHT Angl SR -chta o BT e @8 F o IGF-I1 75 84 /4 & 24
B Angll T fe 3@ &n IGF-II # %28 (IGF-II receptor) F{beyin & 15
B4A% o RAVG A in vitro BB PHRA 7T DNA Ef Rk - RT-PCR &
Western blotting &4 3% #7 & 3t B) 85 22 [n vivo L # Ak & R FH E 35 Angll &
A& BAEA » HE T IGF-T1 #v IGF-Il receptor £ F £ 41 7 Angll 5 &
St A TR & in vitro BT BB SR Angll R 5
%1% 18 MEK & INK 3518 4 7% 16 R 3% 25 IGF- 1 & IGF-II receptor &4 &

RE&R #mPHE458ETRBETH2 Calcineurin 8 228 AL 41 i A



= BB LB 02123571020 R#FE 5 Angll
AR b o 5538 A 0 F P IGF-TI & IGF-1l receptor 4 &1 2 4%
R izt LA B FATE G Caspase 9 4938w o A L E
SRR ER - ik B ¢ Ang Tl 73 o %] £ & ERK & JNK 42 i& IGF- T & IGF-II
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Abstract

Excessive apoptosis of cardiomyocytes was suggested to be a
possible mechanism in the pathogenesis of heart disease, such as dilated
cardiomyopathy and heart failure. Angiotensin II (Angll), which induce
apoptosis of adult ventricular myocytes in vitro, may be involved not only
in the etiology of hypertension but also in the pathophysiololgy of
cardiovascular disease in human. Furthermore, it is known that IGF-I and
IGF-II play important roles in the development of fetal cardiomyocytes.
Insulin-like growth factor-1 (IGF-1) is a autocrine mediator of growth
response of Ang-II in skeletal muscle cell in vitro, but whether Angll also
stimulates gene expression of cardiac insulin-like growth factor II in
cardiomyocytes, and how this growth factor exerts its effect is unknown.

In the present study, it was reconfirmed that the inactivation of IGF-I
receptor by antibodies is necessary for IGF-II to induce apoptosis of
cardiomyocytes through the activation of calcineurin by IGF-II receptor.
Moreover, it was also identified that Angll-induced apoptosis may be
mediated by IGF-II and Angll may regulate the activity of
IGFIIR-mediated signaling pathways. The results showed that in the in
vitro system, Angll can activate ERK and JNK to induce the gene
expressions of IGF-II and IGF-II receptor, both of which further stimulate
cardiomyocytes apoptosis by Ca®* influx and activating the calcineurin
pathways. Similarly, in the Angll-inducing model of the 1 to 20-day
abdominal aorta coarctation in Sprague-Dawley (SD) rats, increasing
levels of IGF-II as well as its receptor and the pro-apoptotic protein
caspase 9 in left ventricular were also found.

This is the first demonstration indicating that ERK and JNK mediated
the Angll-induced expression of IGF-II and IGF-II receptor which further
activate calcineurin signaling, contributing to cardiomyoctye apoptosis.



— ~ Angiotensin [ and Heart

J5 1% % 89 35.48 F angiotensin Il (Ang I ) # # & &5 Renin-angiotensin
systern (RAS) ArA 4 > T BB EEHN S FHR LML B HH
SR ZHEEGHLE i €% R Renal tubules € 4% % Sodium #v Water »
B #]i%% Adrenal gland #F# Aldosterone (1) ° # 4& Pharmacological #v
BER R AT 5 ¥ 0 4 3 Angiotensin-converting enzyme (ACE)
inhibitors #= AngII receptor antagonists *3& % AngII 4£ # Hypertension
&5k £ © A R 2R 32 L &4 Cardiac hypertrophy ° Remodeling » Heart
failure » Vascular thickening » Atherosclersis and Glomerulosclerosis &9
BAREEERREZNALE (1)

RmAEHF % Invivo Fo Invitro TR ¥ > BB Angl L A% A
Cardiovascular cell growth » 38 & Various bioactive substances % B #) %
i » iz b Bioactive substances €,4% T : Vasoactive hormones * Growth
factors » Extracellular matrix (ECM) components » Cytokines » & #&7%1t
Multiple intracellular signaling cascades » .35 7 @ Mitogen-activated
protein (MAP) kinases cascades ° Tyrosi.ne kinases » Various transcriptio
factors - £3% % XBKL P4 H - Angl R ’%’*ﬁdafﬁﬁlfz‘é g MR

#3% & Cardiovascular disease (2) -
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Renin-angiotensin system

Renian-angiotensin system e 4% 7 : Angiotensinogen ~ Renin -
Angiotensin I Angiotensin converting enzyme(ACE) ~ Ang I - f£1% 4,
% 4% b - Angiotensin #) % 4 s & 4& Blood stream ¥ it 47 -
Angiotensinogen # AT Bk P £ R % » M E iR > M Renin %
Angiotensinogen +7 £ sk, + 18 £ JL & &) Angiotensin 1 » Renin * £ &
Kidney &y Juxtaglomerular cells ff 4t # Angiotensin 1 3f & 4 312 7%
M A8 & Lung A 4-#6 &) Angiotensin converting enzyme(ACE)# 1t

8 MBAaKEES Angll (1) M Angll B A A ZHAETBH B THEK

RS

2 BB F A T Artery ~ Adrenal zona glomerulosa ~ Kidney »
Brain ~ Sympathetic nervous system + Heart (3) o

IS %2 o Ang Tl 4% 4 R4 CRIZR LR R

u\-

(4)> % B 4 7 ! Brain ~ Pituitary ~ Heart + Kidney + Gonads -
Pancreas ; f£ifdb % T ¢ Angll £ 4 & Autocrine Fv Paracrine #}4= g
BRTE - MACKAR Y FOBRAERIN S R SR G

T Autocrine 4k Angll > W Angll € i — 4 ¥ & Myocardial

necrosis ~ Fibrosis ~ Hypertrophy &3% 4% (5-6) ¢

(=)Angiotensin Il receptors



A& Cardiac tissue ¥ > AngIl E—ﬁ-@da /&1t Ang Il receptors (Ang Il
Ry R & i Angll R £ &7 44 AT, fv AT, =X F)
isoform(7 ~ 8); # AT, X 4 2% AT\s #o AT\ 38 (9) > AT
5| b & # 94%e9 484 & o AT, receptors Fv AT)p receptors % 89 2h &
AR E AR B » AT receptors & Cardiomyocytes ¥ » ¥ £ & o B
Fu & — A 71 ¢ Growth stimulators: ¥ AT\ B/ ¥ %1 3 Vascular tone (10)-

Angll receptors % — {8 7-transmembrane domain # G
protein-coupled receptor (GPCR) (11) » AngIl receptors #t % Intrinsic
tyrosine kinase activity » & Angll 4 4:\73"%- XA BB E
EN&F 2 Za&T1BE/ER » £+ @45 T Heterotrimeric G protein

(12); # Angll receptors £ ZH/ A H % —BF 5 =184y Cytosolic
loops #v The proximal segment of the carboxy-terminal domain
Heterotrimeric G protein & 4 > # ¥ 40 50 M 4930 8.(13,14) o'& Rat
F » AT )4 > ATz and AT, receptors &9 & B 4~ Z 4 17 ~ 2 and X # &
&8 E(13)° M fe B ¥ - AT, receptor gene &9 % i &£ Fetal o Newbo‘m
life 887 3¢ & £ B » {2 AT, receptor gene f& Fetal development 85 43 4
5 B 89k 3% 0 & After birth 4418 3L1% &) F F&(15) - 825~ AT, receptors

#
&) o/ 55 7T A5 81 Fetal development #v Organ morphogenesis & B (16) > M

ik KM & B X & R Spontaneously hypertensive rats (SHR) % » 4 33,



AT %o AT, receptors £ £ F FiBE AR, BT BAHH T - K
F4idd AT, receptor Akt 88548 » B4 d AT, receptors
antagonist fEEE AR L F ARG B FH 0B F B M ERF 2 0 AT
receptors # 3% 4 & Ang Il & A%, S B 55 4 75 32 370 % (4o : Hypertension -
Hypertrophy ) &) £ £84%(17) -

B —F @ Ang Il 458 48 b AT~ AT receptors #5 g, — Intracellular
vesicles it MG 2 £ 4w i 'E P (18) » M b — Angll-AT, receptors
complex &5 F FZ#/H 2 min- B R A N4y Sarcolemma» T
tubules and Nuclei #[ 47 4£ & AT, receptor (19)° M Angll F#HEFT AL

4 DNA #4622 R AHM Chromatin &) S M5 BLH (AT
receptor ) £ » i 2 % Chromati conformational (20) » 3 & 3K B &
# ik o 12 0btE A RAFER AT, receptor ¥ > B85~ AngIl T 48 % # 5 Sk
M AR TE -

7 AT, receptors £ 4 & Angll #| B F » HE R AL F 1L
Phospholipase C i M i% &% Ca®* & Intracellular depots B th 4 5 4ubt
#% A Tyrosine kinase #= Mitogen-activated protein kinase (MAPK) 3

B AR A2 AR TE I (2] ~ 22) » 127 1L 4y AT receptors 47 At [HET4E &
AT receptors | 34 F £ i& sk 89 Mitogenic #v Hypertrophic response & 3%,

£(23) £ & &% d Kinin/NO/cGMP system #v Protein tyrosine



phosphataes and Serine/threoﬁine phosphatase % 3 1% R 47 #] AT,
receptors 8 zh fE (24) - 12 4B R &9 & F X Bk 45 &5 - & Dilated
cardiomyopathy and Ischemic heart disease 7% A#)-SEE ¥ - & & &
Perivascular #v Endocardial infracted areas & # Collagen 3 #% v Fibrosis
% MBLEBERANEFREEEH AT receptors (25) A2 2 A
Coronary disease # A#) Right atrial ¥ » AT, & E R H# Fibrous
tissue(26) * #&-~ ATz receptors f£-SBE ¥ A H A & th F M -
AR At KA Wi (Cultured neonatal rat
ventricular myocyte ) ¥ » Ang Il 4 i i® AT, receptors * & 7& 4L PKC A7
WL AT (27) mdrE R E pS3 7F€1£4% Angiotensinogen
£BEH 0 B4 mAR s Angll » i AT, receptors & &% Apoptosis
(27) s B.4& AT, 4 receptors knockout mice ¥ > & # Myocardial infarction
IR T Left ventricular remodeling #o 8 589 FF 329 mA R
thta Bk & @4 A A5 & AT, receptors £ cell apoptosis # #(30,28) ;
J£ AT, receptors knockout mice ¥ » BB A Z RS LE (31) mik
AT, receptors 545 &:E T » €35 T8 AT, receptors FILAT AR 6
Pressor and Chronotropic effects (32) ; 3% 3, AT, receptor gene (1166
A/C) %0 AT, receptor gene (1675 A/G) A A CFRARMH LAY L

4 % Polymorphism &3 % (33,34) -



( Z) Molecular and cellular action of Angiotensin [l in Heart
(UA@MmMH&%&%%ﬁﬂi%ﬁﬁ

(A) Cultured cardiac myocyte

ERRSIMBRAS TR XS EANKSE
& Neonatal rat cardiac myocytes g Adult myocytes * b .0 Jli= i
¥ &3], AT #v AT, receptors * f1 Ang Il £ £ & i% i& AT, receptors %5 %
3 L4 B - /& Neonatal cardiac myocyte (35)#v Adult myocytes (36)F -
Ang 11 3 58 ) 9w BL4a g & 4 Hypertrophy #) 8, % - 4 Neonatal cardiac
myocytes ¥ > Angll #& & s Gene reprogramming ° # Gene
reprogramming & AngIl 4& &1 AT, receptors & 5z, Fetal phenotype gene
Fo Immediate-early genes #9%&i& (37): M Fetal phenotype gene ¢.3%
T - f-MHC -~ skeletal a-actin #o atrial natriuretic factor(ANF) ;
Immediate-early genes €.3% T : c-fos c-jun “jun B ~egr-1 Fv c-myc (38)-
1 Immediate-early gene &3 & iZ 7 Angll A& mR S Bl e o 69 FE K &Y
RERTRLE  RELEFH -

At Neonatal rat cardiac myocytes 7 » AngIl 4£3% i® AT,

receptors /&1L i W % #& Signaling cascades > M & # AT, receptors R

B #& Intrinsic tyrosine kinase activity * {18 AT, receptors £g



Heterotrimeric G protein ( Gaq) ﬁ}ﬁilu%é"f"? Ao EmBEMTHeME
12E 8842 - F 8 Ang Tl th P BT 5E 538 AT, receptors # Gaq #5184
1k A » & M 7% 1t Phospholipase C (PLC-B)* /&4t &) PLC-B 4E 4% 41t Inositol
triphosphate #v Diacylglycerol # £ & - if 1% gk Intracellular stores $£%
Ca™"» 7% 45 Protein kinase C (PKC)( 38 ); & Tyrosine kinase~Extracellular
signal-regulated kinase (ERKs) ~ C-Jun amino-terminal kinase (JNKs) ~
70-Kda ribosomal S6 Kinase (p70S6K) ~ 90-Kda ribosomal S6 Kinase
(p9ORSK) ~ 5, ras » Phospholipase A2 and Phospholipase D #u 3% fo
Phosphatidic acid #e Arachidonic acid (35) * # A #rdn.F — 2k Tyrosine
kinase #97& 1t it JF % i% & Goq #2 AT, receptors #4918 A4k A £ i 2%, » 45
4o © Janus kinase 2 ~ Tyk2 ~ Signal transducer and activator of transcription
(STAT) and STAT2 (39)Fv Rho A » M /&1Lty Rho A #E & fR, sarcomeric
avtin organization and ANF #) % i£(40) -

2 7% Angll £& Neonatal rat cardiac myocyte P 48 7% 1t
% #8144 Signaling cascades » {23 JE BB BAH LR AE 39 8 Ang T 3 A%
Pathological cardiac hypertrophy % Bff < £ Cultured cardiac myocyte F -
Angll # 3% F 4418751 p70S6 Kinase (41)Fv3¥ fu Reactive oxygen
intermediates (42) #v £ 4 Endothelin-1 i%& sk Pathological cardiac

hypertrophy (43)#9 4 4 -
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#t #R Neonatal cardiac myocytes #Fv Adult cardiac
myocytes & &£k & B 7 in vitro 89 F % X, » 124 Angll i st Cardiac
hypertrophy &98448#R 3¢ L > AL ERFL > 4o 0 £ Adult cardiac
myocyte ¥ » £ AngIl 21T > FREREGE SR EFA P - L RFRE

£ 3% c-fos Fo cjun B &iE (44) -

(B) Cultured cardiac fibroblast
A SBE AP T Cardiac myocyte 2 5 » BHEAZE
Nonmyocyte cells » K #3457 Bf & Cardiac fibroblast < Cardiac fibroblast
A% Cardiac myocyte » &£ B4 Proliferate #9555 » B % i ECM
protein (collagen - fibronectin) (45) » % Cardiac fibrosis #F 4 49 £ B -
f& Cardiac fibroblasts ¥ 2 54 % AT, receptors (46) >  Angll At
i® AT receptors %R i& sk Cardiac fibroblast proliferation (47) - ) [5) 4 #4
N5 0,55 & £ Adult cardiac fibroblast ¢
42 Neonatal cardiac fibroblasts » Ang Il #Ei% & AT,
receptors & %, c-fos ~ c-jun > jun B ~ Egr-1 ~ c-myc &) mRNA & 3R LS
(37)> 7r €424 Collagen Type 1 643’77\;?2:(46)’ m 4e Ang Il 3£ s, Cardiac
fibroblast &) Proliferation ¥ - # 3 integrin 4) Osteopontin engagement
A B (48) -

A& Cardiac fibroblast ¥ * AT, receptors & £ Gai protein
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4718445 B & ) # Cardiac myocytes ¥ #) AT receptors £2 Gaq protein
e AR 0 PR Ang Tl # % F 4 Cardiac fibroblast i s, # 30 8 4%
#] #2 Cardiac myocyte & & ] #5(49)- M Angl At 35 18 Goéi protein 754t
ERK i% & Cardiac fibroblast # DNA 4 .k #(49) > 3£ 4E7F 1L Focal
adhesion kinase * Shc » 12 Ang II 4u 47 i% sz, Cardiac fibroblast 4 it ECM

Rl RmaE -

(C) Effects of in vivo angiotensio II isofusion on heart.
ALERBEEH T 2HNEL T 4 in viro ¢y T AR K

» %3¢ Ang I ¥ #> Cardiac myocytes Fu= Cardiac fibroblast A7 i% s, &)

&

HE > MARATH PHAL D vivo I ERBEAT » AH%MH Angll &£
ER P CBE ARG F - ERE AT %A Angll infusion F X
BRI REBRFFZCERRARE M~ REEIES Angll &%
B RiEr 0 MA@ AT, receptors 7EIL T #5693 &A% ¥R 1848 3% AR
¥y o B Angll &€ i sk, Myocyte necrosis + Myocytolysis #u Cardiac
fibroblast proliferation it 4 4% -5 B & 4 Scar formation(50) - M £ X
BRMIEANECSE P BRI T Skeletal a-actin ~ B-MHC ~ ANF ~
fibronetin ~ TGF-B1 ~ Type I collagen #= Typellcollagen & H &) % 35,
(51)

Jree gt STt — B Invivo 9T
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| Ang Il 3% i% AT, receptors i ag s WLtm i & 4 B2 K 69 31, R (DNA 4 5y, 7FA
% » Protein 4~ g, b 7+) » 3 i%& A%, Gene reprogramming (skeletal a-actin »
ANF ~ B-MHC) % Necrosis; 4 Cardiac fibroblast ¥ » Angll 77 % &
AT, receptors 1 sz, Proliferation (DNA 4- gt L # + Protein & L #) &
Gene upregulation (TGF-B1 - collagen type I - collagen typelll -

fibronectin % 3, £ 7t) #8857 AngII ## Pathological cardiac hypertrophy
AR EE-—BEZNALE -

M4 in vivo 8L TF > Angll £ & &% MAP
kinase P &7 JNK Fv ERK it 4% 8818 » 34 it Myocyte hypertrophy ~Gene
reprogramming Fo Fibroblast proliferation (52,53,54) » 481 F 5 ¥
12 ¥ X2 INK 4% Ang I1 /& 1b4E 77 8 ERK 3% M iE ey INK gig— 5
7& 1t Activator protein-1 (AP-1;composed of c-Fos and c-Jun protein) >
AP-1 protein # — Transcription factor » #& 4 4 4£ AP-1 consensus
sequence £ * f AP-1 consensus sequence Z kB 4{iik b #4 Promoter
region’ 4& AP-1 protein & 4-1% & 1% i A B &9 & 3% » o A &) X skeletal
a-actin » ANF (55,52)%0 card'iac fibrosis-associated gene (56) 4o :
TGF-B1 #u collagen type I 344§ 31,5 AP-1consensns sequence° i AP-1
B EMN CHEE 0 5B % skeletal a-actin(57) ~ TGF-$(58)#) Promoter

activity: 7 s & 1998 F 05> 438 F Ang Il 4£4% 4& Intracellular calcium
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Rk B % 0 sbeF Calcium € #1 Calmoduin & 4 - i M % 1L
Calcineurin - i 7& 1t # Calcineurin £t #§ £ Cytoplasm # NFAT
transcription factor family #4381t » i% sg NFAT # A fa 4% P9 » B
AR AR &I > B~ Angll fE4& & Calcineurin-NFAT signaling
pathway i% s Cardiac hypertrophy (59) e

A—F @i invivo 9 X T > Angll sE4& & AT,
receptors % gk Cardiac sympnthetic nerve terminals #2 %% ﬁ
Norepinephrine (60)#» Catecholamine (61) » # Norepinephrine #v
Catecholamine & i% s, Cardiac myocyte necrosis #v # 4 Cardiac damage
#1138 %> 82~ & Ang Il 775 1L 8y Cardiac sympathetic neurons 7F £-$1.4&

Ang Il 77 ¥ rg, Pathological cardiac hypertrophy F -

(2) Mechanical stress and AngiotensinIl in cardiac
myocyte

External load € 2% Cardiac mchyte &9 Muscle mass #v

Phenotype » # 4 A738 &9 Mechanical stretch #9382, % (62) » Bp Cardiac

hypertrophy ° @ & = JU 4m fg % #] Mechanical stress B% » & 4& &

Mechanosensing mechanisms ( 63 ) :?ﬂ:F] & Cardiac renin-agiotensin

system 64,65 )> R i% % Mechanical stretch- Mechanosensing mechanisms

X %63 7% % Ion channels #= Cytoskeleton protein » Extracellular

14



matrix protein Fv L H A 169K & (66) > iZ 4k Mechanosensitive
molecule » ); % {37 Plasma membrane #g B 4404 Mechanical stress
W e e R AR o
A Mechaﬁical stress &1t &4 Multiple signal
transduction pathways (67 ) #1% % Growth factor % sz« Bl %8 B BE K AR
HALE A AL o TS HL4m BR AR 3R T 48 Mechanical stress BT 0 &
i#% mx, Growth factor #9 Autocrine st Paracrine * £ & &3 7
Angiotensio Il ~ Endothelin-1 ~ Basic FGF #4ik (68) > miZ A & H
YA AR e ] 0 4530 B & 48 Stretch-induced organ hypertrophy &5 7%
IFAEE P I EETRAE (69) @ 48 2L Mechanical stress F 28
# Cardiac renin-angiotensis systom (64 ) 124 Ang I Htik 6955k » 4%
W A4 Mechanical stress PR m ey OLEGlE R T » A X £ oy HrE
(70) - M f& Mechanical stress F » Bi 449 AngIl #8751t Second
messerigers * it @ B AL Immediate-early gene - Fetal gene #vif 8 H 40 4
EREARSG LR (71) HEFE%E Stetch-induced organ
hypertrophy - M Second messengers €35 T © Tyrosine kinase * MAPK
kinase + Ribosomal S6 kinase » p21 ras ~ IP3 (PI-phospholipase C) ~ Ca®* ~
Diacylglycerol ~ protein kinase C ~ Phospholipase D #= Arachidonic acik

release - Immediate-early gene e,45 T : c-fos ~ c-myc s egr-1 ; fetal gene



’i’jg T - skeletal a actin - ANF » f-MHC ; Growth factor genes #,3% 7
TGFf -~ PDGF -~ Basic FGF - Endothelin-1 #v Insulin-like growth factor °
BA 7~ 42 48 Mechanical stress #[#F * Ang Il AE B BL-SALLm B S % 45 49
B 9548 0 — ) ¥ & Mechanical stretch « B {E A6 47588 Bk 4 & F 4584
A & 8 F » ACE inhibitors #uv Angll type I receptor antagonists FEET T 4&&
B Pressure overload Fri% m 89 42 o % BB K » 88~ Load-induced

hypertrophy ¥ > Angll & — & £ &yH & o

= ~ Insulin like growth factors

Insulin-like growth factors Iand II#&3%384& 1960 #
X B e EE IGFs s 38 & Growth ~ Development ~ Cell survival #o
Tissue differentiation &94% 4 (72,73) o IGF-1 & — 70 Amino acid &
Single-chain basic protein (74) ; IGF-II & 67 Amino acid & Slightly
acidic sigle chain (75) > W E IR R B 77 H £ T0%E B 4LLE - K S #
ARG P E it - 4% IGF-BP &% 4 ik ¥ €% 150Kda
#)”Ternary” complex » X F € &,4- 7 ”Acid-labile subunit” protein » M
IGF-BP st <4 » £ & 10 IGF-BP3 4 & & %(76) - IGF-BP ¢4 zh ik
WAL R IGFs o 4 2 $3%a 4 Fo IGFs #Himpa et %% > @ IGF-BP ¢

#& &y IGF-BP proteases &)1k A 4§ IGFs 4 & R » £ 45 IGFs fc ¥ ta ity
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CAAAEM(T7) IGFs Hinfnit S Y X £ %8 H 0 4 le S L 018

o M AR EGEE -

(—) Insulin like growth factors receptor
(1) IGF-I receptor

IGF-I receptor (IGF-IR) & — {8 Heteroterotrameric
glycoprotein - & 18 706 B A B4 a-subunits FoH1E 627 B EE e
B-subunit 7 g, — 1B w9 F 4% (78 ) M a-subunit A Ligand 4 &9 & 5% >
f Ligand £ £ & 2 £ a-subunit extracellular domain & Cystein-rich &)
&3 > i 7% 1L Cytoplasmic B-domuin k&) Tyrosine kinase (78) ¢
B-subunit % Transmembrane &4 Protein - a-subunit v B-subunit 2 f £4
Disulfide #8:# 4 (78 ) IGF-IR &3 B £ A#5 Chromosome 15q 25-q26
(79) °
(A) Extracellular domain / ligand binding : IGF-I R #»
Insulin receptor f& B 3 B8 A 5] & S0%3A L &) 4815 B (78) 4 32 & Insulin
Fu IGF-1 #4484 4 2 4 st &) Receptor k> 48 IGF-1 #F7 IGF-IR &9, 4
) A% Insulin £ 1000 42 % » @ IGF-TI# % § €444 4 IGF-IR
ko BEAMBA N REN IGF A S 2-15 A E(T9) @ik
IGF-IR g9 5h e 6h 33t L » £ 1A Antibody ‘R ra ey IGF-1 &4 4

IGF-IR a-subunit # Cysteine-rich #9& % (80)» A H L a-IR3 &A%



R o M o-IR3 g B IGF- 11 #1# IGF-IR g43n &%k (81) -

(B) Cytoplasmic domain: f-subunit #J Cytoplasmic
portion & — % B 4% & # Tyrosine kinase catalytic domain - & IGF-1 &
A% IGF-IR B#%4E3% sk, Tyrosine #v Serine residues #4E&4b > i #H#
IGF-IR £f5 4L 694 8,123 » B-subunit tyrosine kinase &) 5 £ &2 20 F #)
(82)

(C) IGF-IR signal transduction (83) : % IGF-I &
41t IGF-IR % € 7&4t Insulin receptor substrate 1 (IRS-1) » IRS-1 £ &
#1 IGF-IR B-subunit & 947-950 3% 3 4£-5-(84) » # IRS-1 4 185KDa &)
E & % (85 &35 T 21 potential tyrosine phosphorylation sites » i 4%
6 18 YMXM sequence 4 $i B 4t7% & & 4-#) Recognition motif> £ ¥+ &,
4T : Src homology 2 (SH2) domains (82) >  #2t SH2 domain 44
&4 Grb2 -~ GAP ~ SH-PTP2 - p85 ~ Nck ~ She » #4&7%ib ¢ IRS-1 &%
b #4848 » — & 7& 4t PIK (phosphatidylinosifol (PI) 3 kinase » &1
Glucose trasport & 71t p70S6 kinase i& g, Mitogensis (86) - — 4
i% i/ Grb2-Sos complex & & 4 » 44 Mitogen-activated protein (MAP)
kinase (Ras-Raf-ERK) » ¥ & A B & & 3 (87,88) » JF 4 R
Autophosphorylated IGF-IR 4& & # 7% 4t PI; kinase 49 p85 domain’ R &

i% 18 IRS-1(89)
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(2) IGF-IIreceptor

The IGF- Il receptor & —1{& Sigle-chain membrane-Spanning
glycoprotein » B % Cation-independent mannose-6-phosphate receptor
(90) » A 2451 {8 amino acid FRéa A% » G RBMOIE T © —BH KI5
&) Extracellular domain ( 2264 amino acid ) ~ Transmembrane region (23
amino acid) #v—18 Carboxyl-terminal intracytoplasmic domain ( 164
amino acid) (91,92) « A% IGF-TIR A4 % &8 &) 6 q25-q27 (93) » 4
—HEREHEAR  AXRMEMARSHAMEQL) - &
Extracellular domain # 15 48 Contiguoas segments (94) » 5 — 18 & 54
8 cysteines Repeating - Motif 13 # 43 {8 8% 3 & #9 Fibronectin type II
repeat » H4g #2 Collagen #4- (94 ) ; Repeating motif 1-3 %52 M-6-P
binding domain 1 ; Repeating motif 7-9 #% % M-6-Pbinding domain 2
mannose-6-phosphate (M-6-P)4& & #4% & (95) ; ™ Repeating motif 11
# IGF-TI binding region » jt— B34 IGF-I £ 48 % > ARAA
Mammalian &) receptors & ¥ A % 4.(96)- @ & Ligand 444 IGF-IIR
L& > IGF-TIR % #2 Lysosomal enzymes %4 » # s Endosomal /
prolysosomal &9 fs] % » #F Ligand # Proteolysis » 4 % 7% Receptor ¢ &
B 8 4w AR L £ (90) o Bl IGF-TIR £38 8 IGF-I &34 A + A — Growth

factor clearance (97) - i 4£ IGF-IIR #) Intracytoplasmic &4 & 3% & 2 T
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A &FE A B} Subcellular comp;artments 75 Endocytosis 4 5-&4 4 F (98)
B A e Inhibitory GTP-binding protein (Gai-2)4748 415 F 89 & 3%
(99) : B % 3 A Protein kinase 9 s dkib ey B » i &
COOH-ferminal fail &) & 3% #E #2 GPy-subunits & £-(99) -
484 ik IGF-TIR #& #2 GTP-binding protein(Gai-2)47
B4AAER 4 IGF-11 444 IGF-TIR L& > € #]:% GTPase ¥ Gai2
4 #7516 Gai2 - ™4 313 cells F ». # %38, IGF-11 % i® IGF- IR
& d 754 Goi2 » @M v Ca™ influx (100) Fo DNA sythesis

(100)

( =) The IGF axis and programmed cell deqth.

The isulin-like growth factor system & d& Ligand »
Receptor ~ Binding protein X Z. 4k A g, » The ligand & = : IGF-] $o
IGF-TI + £ &R B ¥ &4 7747 Endocrine R £ 34y ¥ > T B 47
4 s 4T Paracrine #v Autocrine 2R #f 4m i i% 5 % % - % IGF-I o IGF-1I
&% #:8 IGF-I R # % Cellular actions * # IGF-IR & — Tyrosine
kinase receptor @ T % 3 48 @ﬁ‘ T + IRS-1 ~ Shc ~ Ras » Raf and
Mitogen-activated protein (MAP) kinase ( 101) - i IGF-1I R %% 8 % —
Tumor suppressor gene @ F& 7 %3, IGF- MR fE44 £ Ligand IGF-1 47

Endocytosis * &3 Lysosome /g 4 » &2 IGF-1 & & IGF-1 R ¥ %a L £
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Ry B (102): 34 5 IGF-TIR g2 4 Cytotoxic T cell ﬁfr%
BFHACRBEY (103) & F R HRA IGF-I R #) Extracellular
domain & & ¥ & 244 M-6-P & IGF-1I # Binding site £ &4 7 :
Leukemia inhibitor factor( 104 )#= Retinoic acid( 105 )#= Urokinase-type
plasminogen activator receptor( 106 )#e The mannose 6-phosphate groups
of glycosylated latent transforming growth factor-B1 (TGF-B1) (107 )
IGF-T R %845 LIF % & Lysosome £ 4 #% + B A4 TGF-B1 &9l 4845
% i 55 1t TGE-B1 » 754t TGF-Bl € ik i £ K el -

g1 b5 %0 IGF-II R signaling pathway 7 E]# & IGFs &
IGF-I R i A% = B84 3% 4 Fo 44t » IGF-T R signaling pathway 2 4 %1
A B fofR 1 vt o & IGF-1 -~ IGF-11 & IGF- IR gene knockout
mice ¥ » 855+ 7 Severe growth deficiency » IGFs %8 IGF-IR & — &
£ 3% Fetal development #o Differentiation #9# 4] (108) o @ 4G 3%
% 4, ¥ IGF-1 #u IGF-11 34 & B A #4671 & IGF-BP i 4§ % » IGF-BP
ity IGFs HEABRSBAERA AN @ IGFBP &4
Phosphorylation proteolysis v Cell surface association 4R 0 FER
IGFs» #:5 % » IGFs 2 IGF-BP & 485 » Bk £ T AR I BL G695
4 » 5748, A IGF-BP #&#p#| IGFs 42 IGF-IR # Cellular actions (109) -

77 4% IGF-IR piE4b % 4 09 8 8848 P > 238 IGF-IR
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PR & 4L &y IRS-1 docking protein » 3t 3 IGF-IR signaling pathway i g&,
Antiapoptosis ff3toeF (110) - £ 5 % Bk ¥ % 31 IGFs & & IGF-IR
7% 1t PI;K-protein kinase B /Akt pathway( 111 ) & Rat-extracellular signal
regulated kinase (ERK) signaling pathway( 112 ) i& # i& s Antiapoptosis
R €K iB % Caspase #97F % & Bel-2 family ¥ &
Anti-apoptosis #v Pro-apoptosis pritein & & + X ¥ IGFs # 34 fo
Anti-apoptosis protein > %o : Bel-xL ~ Bel-2 #9& 3% (113,114) 5 &
/b Pro-apoptosis protein ( 112) » 4w : Bax ~. Bcl-xs » #p4)| Caspasel. 3.7
gy75 M (112) > i %] Cell survtral signaling °
1 IGF-BP3 t& 7 € % % IGFs £1 IGF-IR & 4#) %

gk » E 3w TGF-B1 (115) ~ Retinoic acid (116 ) ~ Tumour necrosis
factor-o. (117) and Anti-oestrogens ( 118.) EEATERE R
Anti-proliferation » # it % % ¥ % 31 IGF-BP3 #t & 4% 3% st Apoptosis &
Ak > WmIkiEiBe IGFs 894 A (119) @ & Pro-apoptosis ##4& i
kiE# > {545 — 32 % IGF-BP3 4% — 18 Transcription factor » 335 3
T 45 % @28 & Growth inhibitory #v Apoptosis gene &9 & 3.3 a8 49
B e

T4 B —F & p53 (tumor suppressor gene) % -— Nuclear

phosphoprotein® 4 % DNA # 4 Damage 8% & 4% 7% 1t i % G1 cell cycle
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arrest #0235 | Apoptosis #9454 > # p53 BT AE W E IGF-BP3 a9 X
g %% (120) IGF-BP3 T 45 24 pS3 #7355 # 44 Apoptosis + & £ 893
%% PR E/eEy pS3 € ¥p#) IGF-IR o IGF-1I gene o &k ik o i —

F3p 4] 7 & IGF-IR # Survival factor signaling °

( =) Insulin like growth factors and cardiac hypertrophy

BOHRE KB R EFHME CEHRA LA LK ENRF
b E 556 IGFs; MAMA E 4 Stretch 8 > 44537, IGFs 9 R 3
B Ao (122); MR IGF-1 & IGF-11 f 334 sk 3 48 1% a8 WL 4a
AAERANR S (121 ~123)« & IGF-I i< F Ao K 6930 8 348
* £ % i® IGF-IR/PLLK/Akt/p70S6k signaling pathway ( 124 ) » b — 3,
SRR MR R A Bt iR 69 7778 (125)° My IGF-11 i A WL ém
BIEK G BT TRASSORLBS BB — 5 IGF
R-dependent pathway ; = % Lysosome-dependent pathway (126 ) - i R
WA IGF-I &% IGF-I X3 ¢ %8 %% L type Ca” channels
( Voltage-dependent channels ) » i fi& R &9 BULIE A » B L type Ca™
channels &) B BL4E sb48 IGFs 35 H e R H] ¥ RoefRey (127) M
%4 IGFs $EmpA#H ¥ TREEESE C7 E1t

Calcineurin-NFAT &4 31 8.1 1% #8.4& o
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i 4E Acute myoc;drdial infarction éé'?/]%%%}f}’ » IGF-1 #o
IGF-TI #%38 B Ae #90% % W Bk » 7K #8 Acute myocardial infarction s
PRk R AR A EF e wzhge (128) - B IGF-1 v IGF-II 4848 &5
IGF-I R 3] WL d= Bo, &) Bl » £ 45 % 90 71 RUCF 690 Albm L fE 75 75

T -

= -Molecular characteristics of pathological cardiac hypertrophy

( — ) ~ Molecular characteristics of pathological cardiac hypertrophy
Myocardial hypertrophy BB ﬁlﬁ%?@ﬁ’l BMTHERKER

B> X B4 48 Heart failur 69 F 87 B @it — 4 RERMAET - i
28 ML RE 7 3K 383 v Muscle mass » ﬂié’&ﬁﬁ"%"uﬂi&ﬁﬁ%’%éﬁ%.
# M Cardiac myocyte 4% SRR T A E % ORARE » T
AHZFA R (1) Physiologic hypertrophy : th#EfE X3 % % Cardiac
myocyte &1 B E A K E 2R FT bl 853 s o (2) Concentric
hypertrophy : 2 —¥ E A 4L K » £ B AW he Cardiac myocyte &
B ARk % B3 % < (3) Eccentric hypertrophy @ & — 41 & #
BIRRK > EZENE o Shiafe) kA SRR EHERERN - M

Concentric hypertrophy o Eccentric hypertrophy #[#% % Pathological
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 cardiac hypertrophy (129) - # 4t Pathological cardiac hypertrophy ¥ ’
Cardiac myocyte i 7 Cell size & % 8A B8 &9 4L » 75 %5 38, Bl 7 Natrivretic
petides Fv Fetal contractile protein &4 Embryonic gene K & #& i%£(129) >

B KB PH  S-myosin heavy chain (- MHC) » skeletal a-actin and
atrial natriuretic factor (ANF) # & SR A EZ G54 -

i Concentrihyertrophy & E& A& + TR S ERXEAE
Hypertrohic cardiomyopathy» s & R E PR E - £ CFE AW E
EAOSEREYEHE R o M@ Eccentric hypertrophy 42 85 /K Ff 1% A&
&3 B E i X T #% 4 Dilated cardiomyopathy » X 458 % @ £ TRt
Edik HOFE T Bfo £ F A Y o @ Hypertrophic cardiomyopathy
#A —”Compensated hypertrophy” f& #4524 7 R F &y CBEE 28 E
BY M B9 IR ¥ o0 3 BE 0 K 4% Heart failure #9 2 4 - @ Dilated
cardiomyopathy R] A Maladaptive "decompensated hypertrophy” # Heart
failure 45 £ 69 AT - MAA S E4 ¥ > & Compensated hypertrophy
& %) Decompensated hypertrophy i@ % 40 A4 i o Je K & &) B FF
i 7 6 ( 130) -

B8 7 Adult cardiomyocytes & % % Cell cycle reentry &5 /1 » 4# 4%
Adult cardiomyocytos KRB Hibiafe @ SEBFHEBEE > B2EC

Wlim P EPH EFo /B s BRATIE A VE B 0548 Bl 8930 8RB 2548 » My i a2
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BIEHN B U IE IR A R B T AL B 6 B K 4 ol
% A B 467> Endocrine - Paracrine » Autocrine factors &5 4-ib » it 4 4
et b S92 8 0 375/ T Multiple cytoplasmic signal
transduction cascades » i& /i %5 % Nuclear factors * 3§ # Gene #5 % 3, o

5 E A S HLRB K 8 5 F 8B e ] - £ % 4948 3% 4 (Transdacers)
€3 7 * Specific G protein isoforms » Low-molecular-weight GTPase
(Ras>RhoA ~and Ras)~Mitogen-activated protein kinase cascades *Protein
kinase C - Calcineurin ~ gpl30-signal transducer and Activator of
transcription ~ Insulin-like growth factor I receptor pathway - Fibroblast
growty factor and Fransforming growth factor B receptor pathways o iz
S5 F B A S ALAE K E4E & 69 1% 9 3 (Transducers) i sh A 2 48 Zig 4 49

Bl fe o BT SHURKBE T S48 T SRR e E8%

~

iR sadd (131)-
(1) G protein and cardiac hypertrophy
Hetertrimeric GTP-binding protein ( G protein) #5/%# & GPCR
FRi&ALe i 8842 » MAChE it ¥ i@ e G protein M3k
#) % =4 * — A P-adrenergic receptors (B-AR) » #4& Epinephrine
Norepinephrine f] %1% f£ $2 Goas 4715415 B #H 8 2 Heart rate #o

Myocardial contractility - =. % Cholinergic receptor #& Acetylcholine #|

26



it Goi F71B4 1R o = A4 AngiotensinIl #v Endothelin-1 J]:#
ToomgsmiEeE (ko AT)) f# Gaq TBEER » —RAAH
h—REACKROBEREAENEERZAE -

% Agonist 4 &4 GPCR B} » € {£4% 3k 7% 14y Ga-GDP % A
&bty Go-GTP: it M 8 GBy 4 B 75 1t Gas Fv Gai & #p4)] Adenylyl
cyclase (AC); 754t Gaq/11 € 7% 1t Phospholipase C (PLC): f Free GPy
subunit #& B 1% 3 sv  Mitogen-activated prétein kinase (MAPK)

signaling » Phosphatidylinosifol 3-kinase (PI3K) activity (132 ~ 133) -

(A) Gai in cavdiac Disease
Gai 7% %5 38,42 Heart failure 8958 A ¥ K& L M 7E4Lé) Goi
subunit 45 ¥p#] AC #9146 F > 1 AC £ R8s AL cAMP 69 & 4 >
it %5 7& 4t Protein kinase A-signaling pathway - & i& ¥ %l
Phospholambam » 3% v SERCA2 ATPase’ 3% fv Myocardial contractility ;
f Goi 89 K & B4k 4R A & Compensated hyperterphy & A
Decompensated heart failure & & #5485 (134) ¢
(B) Gas in Cardiac Disease
Gos subunit 89 K BRI EREEZE AC activity > 12838 3%
;ﬁ‘i B-AR Z Fje41B A4 R » 4o Isoproterenol {€,% & d B-AR £ Gas

subunit X ZAE A » Rl B 0 3B B g3 e Myocardial collagen
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content fv Fibrosis * ##F wAlteid e KEE AT - 2 B-AR Fo
B2-AR 4@ &k 3 KB RA W B ¥ Gous subunit F T

me kBB ERFE (135)-

(C) Gogq in heart Disease
a-AR agonist €45 7 @ Norepinephrine ~ Phenylephrine ~
AngiotensinIl - endothelin fv prostaglandin F2a > JEBLIR S ARk A s
WAt 8o Gaq 7®BA1ER » 7ML PLP > o CALEIRER -
# 48 Gog over-expressers transgenic mice 4 i % Eccentric ventricalav
remodeling ~ Resting sinus bradycardia and Left-ventricular contractile
depression - #87~# Gaq FFE Ly & FEBE R4 Cardiac

hypertrophy # 4 7% Heart failure (136) -

(2) Low-Molecular-Weight GTPases in cardiac hypertrophy

(RAS » RHOA and RAC)

Ras # — {8 Low-molecular-weight GTPase @ #& #& G
protein-coupled receptors (GPCR) ~ Receptor tyrosine kinases (PTK)
Janus kinase 1 (Jak)#o %= ffn M A & #9 Calcium Fr/E4b » &4T GDP-GTP

exchange » # 7% 46 &) Ras 4E i — % 71t Raf-1-PL;K » Small GTPase Ral
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| proteins ~ pl90 GAP #F» Rho > # Ras #.457&1k 3 #& MAPK signaling
branches [ertracellular-signal-regulated kinase 1 and 2 (ERK 1 and 2) -

c-Jun NH2;trminal kinase (JNKs) and P38] ° 4& Cultared cardiomyocytes
% 5 &4k &Y Ras 4538 jo 4 Cell size fv ANF erpression; #i4L3545751L
Ras #j Transgenic mice ¥ » B87F Cardiac hypertrophy #o Diastolic
dysfunction - M & Ras 3 & R A B E RFHE » KERR > Ras
#o Rac GTPase ¥ % Prohypertrophic factors > M TF #%#) RhoA =] & A

Cardiac hypertrophy &) & @& (137) -
(3) Mitogen-activated protein kinase signaling pathway

( A)MEKL and 2 extracellular signal-regulated kinase ! and
2 pathway and cardiac hypertrophy

ERK # 18 Isofom : ERK1 #2 ERK2 #t4% MAPK kipase ;

MEK1 v MEK2 /&4t » # MEKI1 $» MEK2 & F #% 4 Rat-1 » A-Raf >
B-Raf #» MEKK1-3  4& Cultured cardiomycyte ¥ ° 454 /%1t MEK-1
& 3% fm ANF promoter activity » & PE 3 & Cardiomyocyte hypertrophy
F » ERK signaling & &8 24505 H5/be) ERK A
c-Fos #v ANF promoter activity » {2 £ ERK &) 3p %] %] # 7 Agonist #]#

T » PR s & Hypertrophic morphology #, Cytoskeletal organization 3§,
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$ 308 B A E o AR A EESP 4G tBiiHE% ERK A& 417 2 AL 4m 2 &4 AT,
A 0 BB R E] Agonist #3TF  #%7F /b4y ERK $Hwilia o 2 K

a4 F AR (138) -

(B) p38 and cardiac hypertrophy

p38 A v 1@ isoform » &,45 T : p38a » p38P > p38y: Fu

p386 » LB T K% A p38u  p38P - p38 u4k/E 2 89 Stress AFEAL

¢,#% T : Chemical stress~Physical stress*Osmolar stress~Radiotion stress

#u G protein-coupled receptor (GPCR)» f 4% p38 MPPKs ;&1L & L%

€,3 7 * Two MAPKKSs ; MKK3 fv MKKG6 - i #&3% MKK3 fo MKK6

75 {ue) B35 A PAK - TAKI fv MLK3 » % & A% B &% 7 Mechanical

deformation ~ GPCR ligands ( Angiotensin[I ~ Endothelin-1 #o PE)#o

Mitogens 34 58 /&1L p38 » M 7E1b &) p38 A& % & Cytoplasmic protein v

Transcription factor » i# f 3 & Stress responsive signaling o # §E4% p38

EiLey 5 F 836 7 : MEF2 - MAPKAPK 2 and 3 ~ ATF-2 ~ ELK-1 -
Chop ~ Max % -

AL % Ak RS ALRE R &9 R Ao 44 F > 40 1 PE -

Endothelin-1 » Aortic-banded mice #v Advanced coronary artery disease °

BB p38 MAPK #9 B M AE L F » BA£454 & & MKK3 & MKK6
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factor (p38 & ks ) BTG AL HLES Be ko ANF 893838 fa e
W4 b 6432 4% F su N PE 3 Endothelin-1 » % X 695 Bl Jo e A 69 3R,
% A 24 ) EEEE > Ao p38 Sdp 4l & (SB203580) - it & kA BT e
KB % 0 {24 48 ) ehefw A SB203580 Apak3 TAE R & » #AF
p38 MAPK &3 & 848 » fr 1> Agonist R4 T 7 & 4 &9 Wlbe fifE

A THERF S E A e (139)-

(C) C-JUN NH2 TERMINAL KINASE AND CARDIAC
HYPERPTROPHY
4 Mammalian cells % » JNK g SAPK (stress-activated

protein kinase) genes A =8 K B ¢4 448 > » 5 & JNKI ~JNK2 ~JNK3 >
mACEYEERA JNKI »JNK2 - mfaidib INK th45F38E LA
GLK ~ HPK1 ~ N\K ~ MST1 #v Ras #4551 MEKK1 and 2 & @ &1k
MKK4 and MKK7 » & 7&4t INK1 » JNK2 -

S AL4a BE B 7 Stress R4 F #o GPCR #9 agonist f A F » A&
Load-induced cardiac hypertrophy ~ Myocardial infarction & X & & ¥ #v
Human heart failur 203 INK 897 K& LFF 4& in voro #v in vitro
#)FE P > 3% E INK1 and 2 4 Cardiac hypertrophy /& ik & 14 89
Wk o MAFEFLe) MEKK] (INKland2 8 L3%) ¥ - &£ %

# M Be A X B (Hypertrophy-associated gene ) &) &3 » {245 33,5
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# 475108y MEKK] (JNK]‘ and 2 #9 £3#%) sE#dpdld PE Aids §ay
Sarcomeric organization > # i~ T A AR HHEH F X - L £
Agonist-induced cardiac hypertrophy % i¥ Dominant-negative Mkk4

(JNK1 and 2 #5 L% ) &35 TREAX# % » #8254 Cardiac hypertrophy

¥ INK & —ssFeydin (140) -

(4) Protein kinase C

Protein kinase C (PKC) isoforms #%& Ubiquitous
lipid-ginding serine-threoine kinase ¥ — & * ART 7 A= —
# Conventional (cPKC)#% Calciumdependent norel (nPKC): =%
Calcium independent 3 % DAG %4t ; =% Atypical (aPKC): &
Lipid 74t ; i PCK isoform #&:7‘%4%5;@% Translocation 8938, % > 4o
A pLtmis P v a-AR #5 Agonist #]#F 0 43 PKCB1 & Cytosol
# A Nucleus ; PKCPI & Fibrillar strured %] Perinucleus #o
Sarcolemma; PKCe & Nucleus #o Cytosrl #| Myofibrils; # PKCe #|
Perinuclear region; @ PCK fsoforms g E LA 537 £ & RACKs
(Receptor for activated C kinase)fr 38 & » @ RACKs & 4 & #2 RACK
binding peptide = Pseudo-RACK peptide & # & » & & £ & F #E 82 PKC

I # RACK binding site 4 4 i g, PKC #7316 °
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% Gog A B F e XS F 0 43R PKCe Fv PKC'a
#5E M F > B &1L PKCe v PKCo ££ 38 & Calcium channel activity ©
i PKCP #& 4% Troponin-1 #8510 > WA SHEF CBAFWLEHRE °
mird PKCe B b 4B RACERAEENRAR LR EIHE

Dilated cardiomypathy & i S 38 F MMz R (141)

(5) Calcineurin and cardiac hypertrophy

Calcineurin % — Serine-threonine phosphatase #& 3
Calcium-calmédulin %4k eCalcineurin & & W34 Ar A mk> — & 61-KDa
catalytic subunit » ##% & Calcineurin A - = # 19-KDa calcium-binding
EF hand domain » # Catalytic subunits » &5 =18 gene $#3FMm s * 4 5!
# Calciueurin Ao~ AP~ Ay ffo S ¥ R 774 # Calciveurin Aa~ AB -
% Intracellular calcium % % & f 8% » Calcium € # Calmoduin &4 °
i# ) 7% 1t Calcineurin’ @ 7% 16 #4 Calcineurin % 4§ /& Cytoplasm &) NFAT
transcription factor family # k#4881t » 3% s NFAT # A a8 t% W » B
g% Immune response gene &) & ¥, » M Cytosporine A Fu FK506 5t ¥p #]
Calcineurin 4§ NFAT %-#4k > 2k NFAT # A 4% A © Calcineurin-NFAT
signaling%&:‘a"é_‘“’i? 4 1% & Cardiac hypertrophy» f1 Cytosporine A #o FK506

e kp ) &g Calcineurin AR S &y o FRR A (142)
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A (5) Gpl130-signal transducer and activator of transcription
and cardiac hypertrophy

Cytokine & F & IL-G family #g 38 & > AL 4= B &

Maturation Fo Hypeﬁrophy » 4w © Cardiotrophin-1 % IL-6 cytokine #§ —
B A% 1 gpl30 #v Leukemia inhibitor factor recaptor (LIFR)## 42 g
&) Heterdimer receptor # 4 % Ligand &4 £ gp130-L1FR complex
B 4% Janus kinase (JAK)&a48510 » M2 4 s B4R JAK & Baias
1t gp130 » @ sbB¥ gpl130 € & 4 —18 % SH2 domain-containing protein
#) Docking site’ 1 Signal transducer and activator of transcription (STAT)
family % — SH2 domain-containing factors » € #1 gp130 % 4 M 4% & 8%
At » mAEE 1L 4y STAT € 9% & Homo % Heterdimerization > # A 4% K -
&1L #) gpl30 fov L1FR g 7& /b MAPKpathway (ERK » INK) » B 4§
#dEi JAK -1 #i8tit PLK - @ IL-6 cytokine family # 4 &
gpl30-L1FR complex & 4t JAK-STAT pathway 38 & Cardiac

development ~ Hypertrophy #z Survival (143)

(6) IGF- 1 transduction and cardiac hypertrophy

IGF-T1 #= IGF-1I #g 42 &5 IGF-I R 424 Celluar
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proliferation #= Differentiation- iy IGF-I R & — Tyrosine kinase receptor
4 7% 1t Insulin receptor substrates (IRSs)1 and 2 - i — # 1% % Crk~ She~
Grb-2 ~ Sos #o Ras #4751t » IRS 4t 44 & SH2 domain & PLK i# # » i
i & 1t PLK M 7546 PLK 442 & PDKI 751t AKT (protein kinase B)
Fo p70/p85 S6K #A & Translational #v Cell survival = IGF signaling A& 34
gn Cardiac homeostasis #v Maturation * # IGF-PI3K-AKT-p70S6k
signaling pathway #%# ¥ &£ 3 & Cardiac hypertrophy - Viability and

Homeostasis # /5 E £ & A & (144)

(7) Fibroblast growth factor 2 and transforming growth
factor B in cardiac hypertrophy

Fibroblast growth factor 2 (EGF-2)#¢ Transforming

growth factor B(TGF-B)% Peptide growth factors » £ #] ik An X 12 & &0
4 K & 8 (Rat neonatal ventricular myocyte ) 3% ¥ Fetal-like gene # i °
it AEARRKEIE LR - FGF-2 v TGF-p s £ P & Autocrine Fvo
Paracrine & & - 1 FGF-2 & 649 Membrane receptor & — Tyrosine
kinase receptor ; M TGF-B Ff & 4- &) Membrane receptor % —
Serine-threonine kinase receptor » i 4% % E FGF-2 & i#% i MAPK

cascade & R S HLIa AR K * & TGF-B E'J;%iﬁiﬁff’fb TAKI @ i —%
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i B b p38 fo INK i i ALta e K (145)

( =) ~ Cardiomycytes and apoptosis

Cell death KERTE 5 AMHE * — A Apoptosis » = 4
Necrosis » W52 Bl H FAR A AKE o 4 Necrosis ¢4k T > tapp &
£ 3 B Bk - Mitochondria dilate -+ Organelles dissolve - Releasing
cytoplasmic material 3] &2 Inflammatory response  f Apoptosis &4}k 5&
T 8% : Cytoplasm shrinks » Chromatin condenses * 12 Organelles 475
A5 E %M > 24 Plasma membrane blebs » R 4 & @mEa s
Phosphatidylserine ° Plasma membrane i# R € a % » ¢ —F F 4
Membrane-enclosed vesicles (Apoptotic bodies) * € %4& Phagocyte 7514 >
i & & 3! A2 Inflammatory response o i B. Apoptosis i@ ¥ € 7% 1t
Endonucleases it %, Oligonucleosomal fragments #v 7% {1t Caspase( 146 )o

Apoptosis (Programmed cell death)#t iE % &9 4% F #o Tissue
homeostasis & — & ZE&) £ ER & > LKA I Apoptosis H F| 7 &
Toxins ~ Physical stimli ~ Ischemia ff & % Cell necrosis 8938, % * M &
BB SR T e ME A T P A MR
Ao Cancer ~ Autoimmune Fo Neurodegenérative disease * M f& & o B

B4¥ > A S KA LM Apoptosis A 48 M 0 4o : Dilated
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cardiomyopathy ( 147 )~ Ischemic cardiomypathy ( 148 ) Arrhythmogen.ic
right ventricular dysplasia (149) » Acute myocardial infarction (150) -
Atherosclerosis ( 151 ) ~ Myocarditis syndromes ( 152) #= Congenital
atrioventricular block (153) = 3 Dilated cardiomyopath R3880 * £
Bk ey B R AR WL dE % TR M R TR 69 B 7 F0 RUBCT > IR
TR RAMEEFEFShE CHRT CMATHRER  HIN K
BEARMT @B T LA ETHANES Wil ATEFERS
BLECB 89 BB A RIS SRELCERGAREL
HuEhEHRBAEL S BRURBHIAE -
i 4 Apoptosis 75 &% 9 #% #% ¢ > Caspase & X ZRE A TH L
#1% & > & — Aspartate-specific proteases > £ & 10 &R F &9 Isoform ;
sk4E4% T Caspase &3 Prodomain domain #» Enzymatic domain Ff ¢
m o & Caspase #%1+7 %] 2 Prodomain ﬁ.a Enzymatic domain 8% » —1#
Prodomain domain #v =4# Enzymatic domain € #4744 R — @A mw
B2 g, gb 04 ey Caspase 18 B 5P o M Caspase T ibfé) % Y] 5B =
5. — & Nuclear proteins; = % Regulatory proteins; = % Cytoskeletal
proteins » £ F 4R AtmieATeRE T (154)-
% Caspase # LW F R > TR A AR MRBIE > —

#, Death Receptor pathway ; — % Mitochondrial pathway ° 7 ShEEA
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% Regulatory Protein #E #53 & &tﬁ'ﬁﬁﬂﬁﬁé s PIT i AR B S }j‘@)}%‘%f » ST 4y
# = K% © — % Inhibition of mitochondrial apoptosis initiation (%= :
Bcl-2) ; = # Inhibition of receptor-mediated caspase activation (4o :
FL1P) ; = 4 Inhibition of caspase (4o : LAP) (154)
Death receptor pathway * % # Extracellular death signal
protein (TNF-o. » FasL » TRAIL #v Apo-3L) - i# 4 {8 fa LS F 694 2 A8
( TNFR! - Fas > DR3 » DR4) » €124 3% 22 % sk Homotrimer > 3t 3%
d i 28 + 4 Death domain R 3| % fed ¥ B4 Death domain &)
protein * 4o : TNF R-associated death domain protein (TRADD) -
Receptor-interaction protein (RIP)$2 2 &4 » B4 dy k% & L&) Death
effector domain (DED)47 %] Caspase Pro-domain > i M 754t Caspase i&
Réaf AT HEL (154)-
i Mitochondrial pathway F » » £ & & =187% & £ dATP
7 p B A58 0 %] Caspase 3 v i i%ﬁiéiﬂﬁ@é@?ﬁt M CEEES
Apaf-1 ~ Cytochrome ¢ (Apaf-2)#v Caspase 9 (Apaf-3) - f Cytochrome c
Ao F % o 4 ¥2 3K BB T 8% 0 {1 # Mitochondrial #9 Intermembrams space
# % Cytochrom c d& Mitochondrial ¥4 2|mieH + 05 ¢ 2 Apaf-1
A @ Apaf-1 € B B N 3% 8 Caspase 9 (Apaf-3)#4 Prodomain 44>

ot R Z RS BEHAE dTAP & ATP ¢824 » st A B A
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&MY T e Caspase 3 o 48 $84F Mitochondrial $£2#% Cytochrome
C &)%) P > Bel-2 protein family 3/ £ 269 A & iR B4R i 3 A 34
Cytochrome ¢ &9 &9 A & > 7T &4 % Antiapoptosis protein : Bcl-2
Bcel-x, » Mcl-1 ~ Bel-W #o Al & Pro-apoptosis protein : Bax ~ Bak ~ Bad ~
Bik * Hrk ~ Bid #= Bcl-Xs @ k8 (154) o
i ¥} 7 &3 Death receptor pathway 7% 1t Caspase £ i & 89
AT 0 K KGR EBipH] Death receptor % Caspase #4551k »
¥pml AT e A 0 35K G4 ¢ X-linked IAP ~ Neuronal IAP ~ ¢c-IAPI -
¢-IAP2 ~ Surviviin ~ FL1P ~ I-FL1CE ~ CASH #v FLAME-1 (154) »
ANEEF o G E Aﬁti-apoptosis signal #E £
Apoptosis signal 48 Z 4747 » 4e4% % — 1B -F- a4k 58 ﬂﬁéﬂ?ﬁ@ﬁté@%‘
AR FEREXRAMER > ML AN Anti-apoptosis signal
ERTHBZKH ° — 4 Cytokines (TNF-0)% NF-«B B2 Z £ B
B A & %48 . — & Growth factor (NGF - IGF-I » PDGF) &
PLK-AKT/PKB - i f54#% 1t Bad %9 Cytochrome c g4 4 # F4 &
B0 H T 493N 8 5842 | = A Paracrine factors (Cardiotrophin-1) @ &
Ras-Raf-1-MEK-ERK #3834 (154) -
4= Apoptosis signal * £ & » & 48 4 % Stress stimuli

& 7% 1t Ceramide-CAPK/CAPP 3 B 3448 % ASK-SEK-JNK/p38 31 & %
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~

& R AL - A 9F%§7E UV 2, Irradiation - Chemotherapeutic
drugs i st DNA #9434 > L85 pS3 4 K & L F> M p53 s 3% Ak Cell cycle
arrest * 7R 3% Ao Fas ~ Bax #v IGF Binding protein 3 #5 &3 & > & —
#RAT (154)-

St E R AERBT AR AR THRE
BECHEBEANBENARRTH SR RRE R
memmyAmMmm%Smmd%KH%ﬂé 1% 0 IR B a
A8 AR T F S WLl AR )3 0 d 3R R S A R S AL i T E
Compensatory hypertrophy #:4% T EB8E ¥ &9 .C 8L M-S ALia B Y
At BHACRBNEL - ARSFHMEBEF - S ALE
Hypertrophy #v Apoptosis 8930 83842 » R RBHES MAF L
WEEF A & Cytokines ¥ 4 Interleukin-6 family #4& gpl130-L1F &
ZREFTEAL AR BT AR B A TN AT VAL R E
WFR: @ p38-P AT A ARIE A AL RSN E S 5 pI8-a AT

R A IR T HMERE (154).
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B
£ B &K £ > Angiotensinll(AnglIl) & #p 4| #)|
( Angiotensin-converting enzyme (ACE) inhibitors v AngIl receptor
antagonists ) F A 254 5 & . % 48 B 49 7% % - 40 © Hypertension - Cardiac
hypertrophy - Heart failure % o {2647 MBI AR L A4 TR & >
15 & Angll #93R 3% 5k » A& m Pathological cardiac hypertrophy # £
B e AT XBRFE L - Angll £ £3i% JNK ~ ERK #v Calcineurin =
13813 LA R 35 3B )% Growth factors &9 Autocrine * 1} 5} i% % Cardiac
hypertrophy ; £ d3 Ang Il #|#4 A7 %+ 5k Growth factors ¢,4% 7 @ TGF-p
PDGF -~ Basic FGF ~ Endothelin-1 #v Insulin-like growth factor o
Insulin-like growth factor-II (IGF-11) * & S AT AT R it » BRE S 58
B3 & IGF- I AATES S EeRBOTH  RBAZ—BBRAR
128 SRR A R B SR A BT &9 IGF-1II X & E# -  IGF-II
T F 45 A H38 mg Cardiac hypertrophy » 42 Ang I 45 % i i3 Bl 4w
fig, 5 ik IGF-I Rl % R BRI 3T -
F& Pathological cardiac hypertrophy &9 &% & & & Bl i &3 38 & AE
ABGAERATHRAREHCE S (Heart failure) 92 B > R EAT
By BRI Angll FRCHG AT BE T IGFII A F 4R

AEb doRIGF-IAH 484 Angll $# &L BC P 758 Ang Tl

4]



Bk iR B IR IS K0 ho IGF-T1 th %3], > B IGF-1I FryiEeh 5 & B ?

VLA IGF-Il X X B htBREE R @B ET?
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S /R

— KERH
1.Cell culture

FBS(Fetal Bovine serum)— Hyclone

DMEM(Dulbeco’s Modified Eagle’s Medium) — Sigma
L-Glutamine — Sigma
D-Glucose— Sigma
Sodium bicarbonate — Sigma
50mM Tris-base —USB

0.5 M NaCl—Sigma

1% NP40—Sigma

1% Glycerol —ANGUS

Protein kinase inhibitor —Roche
Angiotensin II (10°M) —Sigma
IGF-1I (10®M) —Sigma

Rat antisense IGF-II :CACTgggATCCCCAT—4T

2.% B RNA
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UltraSpeé RNA reagent — Biotecx
Chloroform — Sigma
Isopropanol — Sigma
Ethanol —Merck
Diethyl pyrocabonate (DEPC)— Sigma
3. RT-PCR
M-MLV Reverse Transcriptase — Promega
M-MLV Reverse 5x Buffer—Promega
Recombinant RNasin® Ribonuclease Inhibitor— Promega

Deoxynucleotide Triphosphates (ANTPs): dATP, dCTP, dGTP, dTTP

—Promega
. DyNAzyme II (DNA polymerase) — Finnzymes
10xBuffer for DyNAzyme — Finnzymes
Primer— 4 1 7 IR /- 8 (MDBio)
4. DNA fragmentation
1% NP40 —Sigma
20mM EDTA —Sigma
50Mm Tris-HCI—USB
PBS —Gioco/BRL
20% SDS — Sodium dodecyl sulfate
RNAase A—Roche
Proteinase K—Roche -
3M Sodium Acetate (ph 5.2)—
100% Ethanol — ¥ % 3%
3. DNA gel & electrophresis
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Agarose — Amresco
5x TBE solution— 4 . A F& /> 8 (MDBio)
100 bp ET marker — £ &K ¥ Rt A FR 2 &)
. Western Blot
Acrylamide — Sigma
APS (Ammonium persulfate) — Sigma
Bis-acrylamide — Sigma
Bromophenol Blue —Sigma
3,3’-Diamine Benzidine (DAB)— Sigma
Glycerol — ANGUS
Glycine—USB
37% H,0,—Sigma
Mercaptoethanol — Pharmacia Biotech
Methanol —Merck
Magnesium chloride (MgCl,) — 5 T 1t £ 3% &
Polyoxyethylenesorbitan Monolaurate (Tween 20)
Potassium chloride (KCl)— B} T {1t £:3X 2
Potassium phosphate, dibasic (K;HPO,)— ¥ T4t 43X &
Potassium phosphate, monobasic (KH,PO,) — Hf T {b 23K &
Sodium chloride (NaCl) — 5 T b 43X &
Sodium dodecyl sulfate (SDS)— Sigma
TEMED — PlatinumPlus™
Tris-base —USB
Tris-HCl— ANGUS

ProSieve® color protein marker—BMA
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42 4% B BE W 4y
5. 3 &l
MEK Inhibitor U0126 —Promega
LY 294002 — Promega
SB 203580 —Promega
SP 600125 —Promega

CsA—

6.Antibody
IGF-1 | Santa Cruz Biotechnology
IGFIR £ subunit NEO MARKETS
IGF-II Santa Cruz Biotechnology
IGF-II receptor Transdution Laboratories
Caspase 8 Santa Cruz Biotechnology
Caspase 9 Santa Cruz Biotechnology
« -tubulin NEO MARKETS

goat anti-mouse IgG-HRP SERVING SCIENCE TOUGH IMMUNOCHMISTRY
goat anti-rat [gG-HRP SERVING SCIENCE TOUGH IMMUNOCHMISTRY
goat anti-rabbit [gG-HRP  SERVING SCIENCE TOUGH IMMUNQCHMISTRY
rabbit anti- goat I[gG-HRP  SERVING SCIENCE TOUGH IMMUNOCHMISTRY
7.Primer |

Rat IGF-II forward primer : CTTgTTgACACgCTTCAgT
Rat IGF-II reverse primer : g TTCACTgATggTTgCTggA
Rat IGF-II forward primer: gCAAgggCATAAAggTgAA
Rat IGF-II reverse primer : TgTAAgTCACCCTgTgCAA

Rat GAPDH forward primer: TCCCTCAAgATTgTCAgC
AA
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Rat GAPDHreverse_primer:AgATCCACAACggATACA

TT

~ KRR

% i hg
GeneAmp PCR system Techgene

Spectrophotometer Hitachi U-2001
Centrifuge Kubota-1720

Shaker TKS
Millipore Nalgene

TR a2 5 Firstek
PCR tube Scientific Specialtie Incorporated
BRRAE Tomin TM322
pH meter Jenco microcomputer model 6200
fo B AR B Corning
Transilluminator National Labnet Company
Homogenizer knots tissue grind  |Wheaton
Ultravidet transilluminator Ultra - LUM
Vortex mixer model VM-100 PIGISYSTEM LAB.
CO, Water-Jacketed incubator NUAIRE
Membrane Filter (Dia.47mm ¢ ) [Whatman

DNA & k1%

Major Science

DNA EX#EERATRERS

Major Science

A L EAR Kodak
Mini-PROTEAN 3 system Bio-Rad

Mini

Trans-Blot Electrophoretic

Bio-Rad
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Transfer‘Cell
Electrophoresis Power Supply Pharmacia Biotech
Explorer Balances Ohaus
Inverted Microscope Nikon
= K®F*
(—)sapa 32 %

AFERTER S @BERAERERBAEG R AR M5 2k (HIC2
cells) » 3 &7 4 A 10% Fetal bovine serum(FBS: Hyclone) + 1% 4 £ &4

Dulbeco’s Modified Eagle Medium(DMEM:Sigma) ; 1% & {89 3% % 2
5%C0, 37 C B EIE Hi8 F A% 3 k4 B Serum-free medium
&K A EE Overnight 4 - B BHEIL i » KEHRTPHERAY
%4 6,45 T Angiotensin I ( 10® M)+~ IGF-IT1( 10°® M )~IGF-II Ab - IGF-IIR
Ab ~ IGF-IR Ab ~ IGF-II anti-sense * SP 600125 (JNK inhibitor) ~ CsA
( Calcineurin inhibitor ) ~ SB203580 ( p38 inhibitor ) ~ U0126 ( MEK
inhibitor ) + Stautosprine(PKC inhibitor ) ~ LY294002(PI3K inhibitor) -

(ZHmpEafHiR

A5 ho B R TR 15 W dm BB 0 PR-E 32 AR 0 04 PBS buffer g 3 &k 0 oA
150 i1 & Lysis buffer (50mM Tris pH7.5 ~ 0.5M NaCl ~ 1.0mM EDTA
pH7.5 ~ ImM BME ~ 1% NP40 ~ 10% glycerol - protease inhibitor cocktail
table) » #F Mo a3t Hm3| TR > E»N 1.5ml 2 -3 % (Eppendrof
tube) * 15 30 548 > HE AU E R R HEMN 4T - 12,000 8
RFHEC 10 4548 » BCEREREPT o

EYEBYRERRE

FaEd)ZEH A Lowry protein assay » X BIF AR G H S dishit
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ZMEBETHRA  ZF 8% P Tyrosine & TrypfOphan R R
Phosphomolubdate M, X A A& 2 64 - sbB D2 e BERE G
BY S EHRARBZEIREL - RFxBRATHREMAETRERES
® 0 # Peptide bond R /& > & 4 18/ R 2 Biuret 256, » Rk %
Folin-Ciocalteu phenol 3X#| v A %% > 1% & % + = Tyrosine & Tryptophan
REELEESREZHEAOY  REKLELNABRLEREE GG 4T -
BB AR E 2 BSA B 100~200ul > Ao 1ml & Lowry’s
reagent’ X E R F R A& 10 5484 » H Ao 100 Folin Ciocalteu phenol
WERTEDRME 30 548 o ik k& 580nm 7T B2 4 8B R R A
8 Aok K BSA Z B EME B 4542 % dh 42(Standard curve) - 3 2 F LU 48
B 7 ik ARtk b2 ODAE » BP T iRBAZE R KIFH DB OTRE -

(w) % % & Z(Western Blot)

X EHR AR G H R 40ug - 24 PBS buffer fuA 40pug # & F £
B A 20ul - Ao 5pl Loading dye 4¢ 4088 5% 2 25ul > 35 24344 o
HEBELEZEGE E 99°C Incubator ¥ Denature 10 4048 » ;2435 4
Spin down f% & i# 7 SDS-PAGE & %k 447 » SDS-PAGE 2z + & B8 4 4%
z Stacking gel » TR % 10%2% 12% (AR R 25 & % 5T B A )
R E)Z Separating gel - WUBERZBREZETALEE > ik
&% (Running buffer) £ E T E 4 A BFAEBZEA 4L
HRQSUEATEIR £ 6 U RAR(Wel) P » 50 100 {45 847 F sk 4 £
— 18 8 o

B k& R PP T 34788 & (Transfer) » 4 % 4% 448 Transfer holder 37
Flo» s e e BRI R LS T4 8 REZAZ % AH - Whatman
3M g # R T8 & 24 F 8% (Methanol)iZ & &9 NC paper- £ 2B 2 TR B
H(Gel) P45 £ £ > 35k R B M NC paper 2 B it & £i0%% > 1255 5]
RANBHER % — & Whatman 3M jE 4R % AA7 > 4% Transfer holder
Bl 4% - Bp ] E# Electrotransfer tank » 36 ;£ A Transfer buffer ( 4 B M
=) 7 4°C T 4T 100 45 B4 (Transfer) 1 181555 - 28 5% % A&k -
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B NC paper i ju Blocking buffer % £:8 T8 1 /854 » Jo |
#3778 ( 2ul/ml blocking buffer ) » # 4°C F R & % 7% (Overnight) %, & &
R 2 /N85 > 245 04 1x TBS buffer #k 3 R > 5Kk 10 548 - Mmik oA
2 g 4ufa( 2pl/ml 1x TBS buffer ) » MW 4CTFRE 2585 5 4o 1x TBS
7t 10 278% - $ 4% 5 %] Ao A Substrate buffer (2~3ml)~37% H,0, & (4~5ul)
DAB #4722 B REBPT] o

A)éa B RNA R Rk

AR IR e 0 324k 0 LA PBS buffer s£#% 3 & > oA
iml UltraSpec *» # # #Htafo b2 HmE| TR » BN 1.5ml 2.0
(Eppendrof tube) » # 7K L@ C)#HE 5 48 > Mgl 200ul £45
(Chloroform) it §] 214% 263949 % WK ELHE S H48 0 331X 12000
rpm > ACHRMEES 15 548 - OB B ERRBED —MHAHBSB o fo
A% #84% Z Phenol-chloroform & 4% 843 4 » H X 12000 rpm » 4°C 4%
HEEC 10 54 BEBRLERRBENECS  wALBH2
Isopropanol » JR4&3 &K L#E 10 948 > 24 12000 rpm » 4°C 4444
B 10 48 0 3 2 4F Isopropanol # 5  AT/F 2 & & kil 4 (Pellet) & 12
75% i@ 4% (Ethanol)# & % 2k > B2k % 24 12000 rpm > 4°C &4 B 5 4048 o
B 18 A5 B M 2 B B AREFUIR(# 20~30 2-48)1k 0 Ao A SOpl 23R B
0.1% DEPC-H,O /z /B4 » 37 55°C Incubator ¥ & JE 10 948 - 1
F7 4C k48 F 7772 2 R (Overnight) 5 1 2] £ R 548 (0Dgo) LA 30 B
P 3452 RNA R -

RNA B B (ug/ml)= #2423t x ODygp x 40 (pug/ml)
() Reverse Transcriptase — Polymerase Chain Reaction (RT-PCR)

1. Reverse Transcription Reaction :

RT (reverse transcriptase) : #t 2ug 2 RNA » A& 2 0.1%
DEPC-H,0 Z##4 25751 » 3L 70°CHEIE 5 404872 » BB vA
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0.25ul RNase inhibitor (40U/pl) ~ 10pl 5x RT buffer (Promega ; 50mM
Tris-HCI ~ 75mM KCI » 3mM MgCl, & 10mM DTT) - 4ul dNTP
(Promega ; 10mM)& 5ul Oligo dT » 4% % # 8 B 7518 B 524 42°C #,
AT 5 748 4% » A 5ul 40U reverse transcriptase (1pl 200U reverse
transcriptase +4pl 0.1% DEPC-H,0) » 3t # 42°C R — /88574 » B 1L
QCHAT S méE » RBGHN SCIRERBLEAIG 2 cDNA £ -

2. 3] F4 s (Primer Synthesis) :

AR TS F(Primen) S A4 TR HH Bm3| F ks
MAFEM (&6-1)-

3. REEF2ERE (Polymerase Chain Reaction) :

B S5ul eDNA 4% Am A 11l ddH,0 ~2.5ul Forward primer ~ 2.5l
Reverse primer ~ 1ul ANTP (10mM) & 2.5ul 10x PCR buffer (DyNA ;
10mM Tris-HCI ~ 1.5mM MgCl, ~ 50mM KCl #uv 0.1%Triton X-100) »
MG EBRENBEBBEMRAIVCRIZS 5487 » seA 0.5u] DNA
polymerase (DyNA » 2U/pl) » AP —{EBBKRIE 94°C > 1 Héa—
Annealing ;& & » 30 # (Annealing ;8 4k Primer M2 % » £ M &
6-1) — 72°C-1 pé8 - H FIEIBRBIK Primer R Z R B R AT (L
Bk 6-1) BERBUT2CRE 10 948 > KRB 4CHRIE -

4. DNA &5k :

B3 DNA €k K (Agarose gel) » Bl F k3t 2 B 4% » B
5 2% 10ul 2 PCR E#fo N 1 & 2ul 2 6x Loading dye » i243 4 »
B EEREADNA TARBE 2 Well & - 24 100 k4536 E 2 TR
BATH) 35 54X B ok - BEANA UV ARITHH > AW PCR R
BRI EMRTRAAR  RRBABEH AT

(/\) DNA fragmentation
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;1%}10?!; WM mie MR & %R - WL PBS buffer s #8 3 =k » #o
A lml ¢y PBSbuffer £ Z a3z A m 3| TR > BN 1.5ml 28.0%
(Eppendrof tube) & » # 4°C & 3000 #ik 10 548 » 55 LA RBE - 82
# fm A 50 11 Lysis buffer (1% NP-40 » 20mM EDTA ~ 50mM Tris-HCl,pH
75) RA3HE - HACHS 12,000 ik 10 248 > REBFREAVHEE
W38 Ae A 20% SDS solution 2.5 £ I 4B K 1% ) Asv A 10mg/ml RNase
A2Sul (BR#BESug/ul)  S6°CARBRIE2 % o i 25mg/u
| Proteinase K 8 w1 (& B R 25 g/ ) 3TCARBRIE 10~12 /)85 ;
Ao 3M Sodium acetate (pH 5.2) 40 1 B Ao AL B 300010 7 4
'C 512,000 # 3k & 15 588 R & LR AT DNA %4y > 4 DNA
B B RICER > AR E ddH0 10 1] (3B E) &% - 41/ 1.5% DNA
agarose gel » LUE R S0V 38k » A %8| Gel-STAR &, » 1 A # {1
BRBRBAE -

(/) BEhakEE E + 45

5t B4 Pentobarbital Sodium (0.1 ml/ 100g body weight) # SD X

BRME  HEGBAG ABFEL W BARAEL=ZHRTF A

UMieBERES BB IR EART I MUB ISR B8
WEOBRERGORLS BAGOLE EBK -

BERERRE 12357104020 % > f &% 2 SD
AEBAABTARIE » BHRBIRE SR RAFR Eo8EACT
NAERBRGIRE -
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X
B— > efARFZRCNeBBTCRENERLEFALEREFI &
NMESR2AEE -
BOALm i RN RS ks kR Y EBRRA 1M 0B F R £
(Ang IS, 5 Al Ao ABR & 5 4 & B $-11 694088 (IGF-ILAb) - #8585 %
AREBEF-II#ZRAHE (IGF-II R Ab) B mp ATmEd - &
— DNA fragmentation # 4 RiF 40 £ Ao AR 7 & £ (Ang I8 1F
AT @&moafp XERAT E2RSREUERELELERF-I
a B (IGF-IIAb - 88 B F A KB F-11 # % # ey 5L (IGF-IIR Ab)
Rk B F 4 kB anti-sense 85 0 R 0B A B £(Ang II) A8
ATHEMBEDIFHET A A i —Fax a7 IGF-II 46 5 & s O AL
WM AT BRONEEEENT S FORERY  EHAA
IGF-II (10®M) 2 F] 8% #1 IGF-IR Ab & IGF-IR Ab + CsA ( Calcineurin
inhibitor ) —Ae4E A 48 /6§ > BB B AT ER o @ AR I AR
£54 ERFI (10°M)ER 8 oMmRs A AT R EHES
FAREF-I (10°M)Fodash H 52 KB F1 #28mia (IGFIR
Ab)F A4 T > S LA B0 80 B oF &3 & 0 B b8 B IGF-TI(10°°M)
FEBELBELARRAF-IHSHEANE (IGFIR Ab) £RRETHE

AemRACRE  EeXDS5HTOHFIA CsA Z2HpH -
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Bl =~ MW %% & KB F-11 antisense 4l 7 & % 1 s BLdn
BZEt -
AR RN R S F e AR Y EBER 1Mo B R R &
(Ang INE g1 588k B 54 R B F-11 antisense £ F) & 52 » #5820 4L 4
REORARFMERAATALAT CR BB EEFLEER -1
antisense ¥4 - &7 B — DNA fragmentation ¢4 £ #4540 >
BARFHERHSMABT Y B EFAERF-1] AR ML
seIREy ) RNk &S F4 KB -F-11 antisense %394 T /& &

B ERE RS -

B= aFARESERROFLERBF-IIACF-1DEABE £ R
BBZHAE o

B RT-PCR #945 %4340 » 42 HIC2 cells Ao f /& 1 R %(Ang II;

1ﬁw%ﬂﬁ’%%%ﬁ%%%i&®%ﬂmmm,maa¢ﬂ

%00 B 5 B % (Ang II) £ 23518 ERK pathway i S &£ 4 & H

F-IU(IGF-IDA R &R L -

Ew‘m%ﬂ@%%%ﬁ%%%iﬁﬁ%%l&%%ﬂ@%l

receptor) RBE kR EIRZBIE -
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8 RT-PCR ¢ & £ 4§ 40> £ HIC2 cells iv A 5o B # B £ (Ang I; 10°M)
R B0 A AR B F A K B F-11 48 % 22 (IGF-11 receptor) 3 B #4 &
i BB WY T4 0/BZFEE(Ang 1) 244 8 INK pathway i g,

RARR 5% & K B F-11 3% % A (IGF-11 receptor) A B & & L

%, %K DNA B HRFH % AR FE AR HIC2 vl TR
B2 AR -

# HOC2 ALim 38 RN R4 i 6938 %k F > BHER 10°M 0B
# B % ( Angiotensin I ; Ang II) 2 %%l Av A 75 #& R B] 69 30 6.4 vk 3548
WA R B R R 2T 24 /B BRI R B E T e sk A H Bl
€45 7 SP 600125 (JNK inhibitor )~ CsA ( Calcineurin inhibitor ) ~
SB203580 ( p38 inhibitor ) ~ U0126 ( MEK inhibﬁor) » Stautosprine(PKC
inhibitor ) ~ LY294002(PI3K inhibitor) - g ] Z DNA fragmentation &
R, FoeB AR E(Angl)x £:4:87% 1 INK #o Calcineurin 4%
AR AL A S AR B A T B S RN %%ﬁ%iﬂ}&ﬁm Uo0126

(MEK inhibitor ) % » o /& A & % (Ang I1)F i% sk &4 DNA fragmentation
BRI HIR L BT MAPK pathway & ¢ ERK 7F 4 82 2145 694

A > 125 — B MAPK pathway 84 p38 o PKC b A 4 1o B R B &
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(AngT1) FR& R &AL AR F o

B, #BACEG Caspase 8 A ACHEREH L EZREL R
HOC2 whLtmfin A CE B2 818 -
## HOC2 s pLtm i3 e M R 4 do ik 4938 R F » BB A 10°M /B
5 B % ( Angiotensin I ; Ang II) 4 3 dv AN #E R F) 693 B A% #3543
FpHI Bl R R 24 /0 BREEBATHEN 5 s minEH
P 0,35 T SP 600125 ( INK inhibitor ) » CsA ( Calcineurin inhibitor )
SB203580 (p38 inhibitor ) ~ U0126 ( MEK inhibitor ) ~ Stautosprine(PKC
inhibitor ) ~ LY294002(PI3K inhibitor) - i {£ [B] 75 western blotting #
HRY o Fooh B FE R E(Ang )4 1 R Caspase 8 9 t78]7E4L » Mm%
ft#y Caspase 8 & it — 3 7E4L F 54 Caspase 3 1% sk AL4a fi & &
i hE P 0B AR E(Angll) &% & INK-Calcineurin #v ERK

=k ¥8 48 3% ry, Caspase 8 #97E1L

Bt. £AACESG Caspase 9 ARTiHBREH ¥ FRELA
HOC2 s Bl fon i, 8 - 5 B 2 4G o

i HOC2 ALt BEIS RN A S b iF 38 R 7 2R 10°M o &

£ /& % ( Angiotensin 11 ; Ang IT) 4 Bl hv A< MR F] 400, &4 3578

el b B ERIE 24 5 > B R eiaBT@OER o s mip

56



¥ 8,3 T SP 600125 (JNK inhibitor )~ CsA ( Ca]ciﬁeurin inhibitor )
SB203580 ( p38 inhibitor )  U0126 ( MEK inhibitor ) ~ Stautosprine(PKC
inhibitor ) ~ LY294002(PI3K inhibitor) - £ [ & western blotting &4 & £
oands B A B & (Ang IT) i % Caspase 9 #9517 %] 751t f Caspase
9 #EILB Y R B HREBIFH cytochrome ¢ FFEAL > mE{L ey
Caspase 9 & i — # t7 £ 7% 4t Caspase 3 i fR - L& L e A « T & B
PiFio i B B & 44 d INK ~ Calcineurin 1% 3548 % s, Caspase 9

#) &AL o

BN, #ESREEFES gl 2SDREeR HHdEAsvsEF2
MR S EARRF-IIUCF- 1D &5 £ kB F-11 %
2 (IGF-1I receptor)Z &z 22 £ 8
HAHF 4 6 Bid ey SD K& B b T SR R F45 - Bk
RE0~1~2-3-5-7-10-20 k% » Bisgskst > MEAwT » ¥R
ECETHEaY  REHERLFLKEF-IIGF-INA Kk &5 4
Fo B F-11 4% % 28 (IGF-1l receptor) e & & k& L 89 £ B - MmAesT K
BERIHEEANSD RGABALFTARERE LA HITRLH

KREPEA in viro A E BB FREMERASMAT T > B
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HFE KBTI ﬁﬂﬁ'—%"}:% A PHRERTHEEFEN G A
CARERBTHEHMBERN  HACTEREREZFAERRTFI &
BXBOZGRRAEATARELA ERFHBONATHEL -
M 4£ &\ western blotting 945X ¥ > MR G EFA KR -1l R S
FAERB I BXBOEZEZACRIRERE A CERNER
L4 ERFIIGF-ID @M & 4 & B F-11 48 % 2 (IGF-1I
recepton) ) B B AR B E L L ARG LA MBRIL v - BB RE
kG % IGF-II & IGF-II R 8y L » Caspase 9 Y 2 F Ay L8

o RMEFHERRAEGOE > £20 R0 FEHERSHHEARE -

BA. RESKREERFFH Ang [1 2SDRKEE ' FHEL
CEFZHEREFARBF-IIACF-ID 8K &%
4 KB F-1138%8(IGF-11 receptor) A B = ki £
£

RAVE 4 6 Bireh SD K & RICITHMEAKE & 45 ERE T RH O

12~3-5~7~10~20 X » Brsdhdt > REALZCE > XRACEYF

4 RNA BB R B F 4 &K B F-IIGF- e 488k & £ 4 K A F-11 4

% B (IGF-II recepto) A A R Ak t#£E; §BA RI-PCR w94 2

ToRHSEYMRERE  ACENNBEREFARE T fof8k
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SEARR T BLMa LB AREMESE R B LAt R AR
Ep 3842 B /\ western blotting A& 2| 388 & 4 4 & B F-11 fv 885
BHEAREFI B2BROT G T LEH NS sR#% > BEGARKE

LABHRE -

B+ HReEELRET-1 2 B2 AAHREELRRF-1] 5

BB EAL KRR T-1 285 (IGF-IRAb) R kv

Wlém fo, 691842 |
HE - ERERT BREFARE TR EELERT
1 BRXBORBARNFLTS ) BA A RBE I A%
& » Bz A % #:8 Calcineurin 2 A 1RE K E » ABTH—AT
%%%%i%@%ﬁ%%%i&@%uﬁﬁm&@mﬁiﬁﬁ%%
FAERBFUBZHEAER ARE—F B I m B HENTR S b
HEIERR T BRBWANSE S E A KBTI (10°M) & B) 5 55 0%
HEARRTI B BORBRAGHER > BAAFBREEL R
FUA0CMFo il &5 A ERFI B2 BORBLRALELET Ao
NEREFERRFIBLH B+ 02350 YRS 0AR
BREFARRBF-LACMP BB LA REF- IR me

WAL E A RHG AT FERATHREGTERFNARRES
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FERRF-ITEZHE 2250 Tied wF % R8¢ IGF-
RIABIR R EFARAF-INI A8 ERELEARR I
LB (IGF-IT receptor) » 7EALF 54588 F 20 83848 » B3 O PLia i B

TH A -
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Serum free + + + + + + + +

Ang Il +

IGF-1I Ab 4

IGF-1I R Ab +

IGF-II + + +

IGF-1R Ab + + +

CsA 4

B afFARFER HIC2 S AT » RENBREFL
KAFORINBESHESEELE -

4% HOC2 cells #4475 ¥2 serum free 12 18/~ 8%4% » oA IGF-II Ab #u

IGF-IIR Ab — /J\854% + Ao AnglI(10°M) 3£ ) % 32 48 18/~ 844 -

i e) DNA 8 > 38 1.5 %4 agarose gel &k 1 # s EH B

Ao IGF-1T “IGF-IR Ab~IGF-II+IGF-IRAb #v IGF-II+IGF-IR Ab + CsA

R AR A/ NER1E » XERfmph ey DNA S E » 3 1.5 %4&) agarose gel 49

Bk e
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Serum free + + +
Ang-11 + +

IGF-1I antisense +

B = oA BRERAHIC2 wllmiat A RENERELELR
IE%-_II By 77 4L o

#F HIC2 cells 247 5% 32 serum free 12 {8/ 854% » hu A IGF-II antisense

—/ B 0 Ao Angll(10°M) $#E)RIE 24 18/ eh4% - E R a Bt

DNA #% » 3 1.5 %# agarose gel &) & %k -
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IGF-II

Serum free + + + + +

Ang II + + + +

CsA +

SB 203580 n

U 0126 +

LY 294002 +

B=. £ HC2 vty  af AR BEEBRLFLEEF
-IIAGF-1D AR & 2 %48

4 HOC2 cells %47 & 2 serum free 12 18/ 8% > 5 %o CsA -

SB600125 ~ U 0126 ~ LY294002 & -|\#54% » H v Angll(10°M) 4L F)

R 24 18N 0F o BP R E4m g RNA # F » 3.4% RT-PCR 3 < $5 &

FARRFUAGF-IDAR AR EMLR -
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IGF-II R

GAPDH

Serum free + + + + + + +

Ang 11
Sp 600125 +

CsA +

SB 203580 +

U 0126
LY 294002 +

Bew, £ HICZ wasmied » ¥ FRESSERLELERF-1I
#HZHB(IGP-11 receptor)# B &k ik z %48

A& HIC2 cells &47 & ¥ serum free 12 {8/ 8544 » 4 %] fo A SP

600125 ~ CsA ~ SB600125 ~ U 0126 » LY294002 |- Bk 0 B

Angll(10°M) £ B L 52 24 18185 » B £ Btm Bty RNA 48 > i 0

RT-PCR | € #8504k B % 4 & B F-11 4% % 22 (IGF-II receptor) A B % 38,

64



Serum free -+ + + + + + + +

Ang I1
Sp 600125 +

CsA +

SB 203580 +

U 0126
Stautosprine + +

Ba,. & AREHEH HIC2 v £ 2 DNA B # (DNA
fragmention) £ &£ B+ FrEB 2 BB -

H HOC2 cells 547 4% 22 serum free 12 18/8F » 4 %] 4a A SP 600125
(JNK inhibitor ) ~ CsA ( Calcineurin inhibitor ) ~ SB600125 ( p38

inhibitor ) ~ U 0126 ( MEK inhibitor ) ~ Stautosprine (PKC inhibitor )

&/ 85 B e AnglI(10°M) 3t ) & 22 24 18]\ 8% > Bp 3 R 40 B 69 DNA

WmE » BRI 1.5 %4 agarose gel ¥ #HE ik o
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.. .. s ... . |Pro-caspase 8

-, | caspase 8

v e oo s 4 a-tubulin
Serum free + + + + + 4 +
Ang 11 + + + + + +
Sp 600125
CsA ' +
SB 203580 +
U 0126 +
LY 294002 +

. £ HIC2 httmfgf » s F R % 7E1L Caspase 8 iRz
2 o

# HIC2 cells 447 /& I serum free 12 48/ 8% » 43| fu A SP 600125 ~

CsA ~ SB600125 ~ U 0126 ~ LY294002 & /6% » Bl AngH(lO'SM)

£ERE 24 @) PER@EOESET  EABEFABERERT

Caspase 8 7Zibik ey 2 E 4 1L -
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Sl it I e Pro-caspase 9

caspase 9

. ) .
{ {‘ ST s B N e R U L Eetrn. ¥ a—mblﬂln

Serum free + + + + + + +

Ang Il

Sp 600125
CsA +

SB 203580 +

U 0126
LY 294002 +

Blt., £ HIC2 watafe F » o H B % %4L Caspase 9 frif iz %
18 o

4% HOC2 cells %47 R ¥ serum free 12 48/)\8% » 43 e A SP600125 ~

CsA ~ SB600125 ~ U 0126 ~ LY294002 #1844 > & Aa A AnglI(10°°M)

ERIE 24 A ehAR 0 BP R Bapias Bl BB X IR A

% Caspase 9 4t 494 1t -
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IGF-IT R

- o

S N R R - a-tubulin

DaysofCOX 0 1 2 3 5 7 10 20

B, BEMRERFHEZAng Il 2D AR LA CTEZ BB EE
ERBF-IIACF-IDF R & FLERF-11 58
(IGF-1I receptor) & &1Lt Caspase 9 ¢4 % &g £ 1,

ASD K RRABREMREE  REERH0-1-2-3-5-7-10-

20 R-RAMRME BRACEZEGY  UEF LA THEEE

FARBEF-IICGK-ID ~ #M & 54 & B+ % 2 (IGF-11

receptor) &R &1t #& Caspase) Z a4 T £ 1 -
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IGF-II

IGF-II R

GAPDH

Days of COX 0 1235 7 1020

BlL, BERERFHEIAngll 2D REaR BACvF2 B eE
4 KB F-IIAGF-IDA R G EAEKR F-11 #£%28

(IGF-1T receptor)# B &3\ 2 53¢

HSD KERREUBSREY REXA$H0-1-2-3-5-7~10~
20X > A BXERECEZRNAGY > ART-PCRBIZE A S
A KB F-IICGF-ID A 355 & 5 42 E B F 4 2 8 (IGF-11

receptor) A B AR EZ LR -
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Serum free + + + +

IGF-1I
IGF-IR Ab + +
IGF-TI Ab +

B+~ 2HIC2 cells ¥ » BRRBHFARBR I RBERLELREAF
-l @AM HAE (IGF-IRAD) Bl A A TS P RER g
FAEARBRF-I %Mz mbe

HIC2 cells #47 /& 3% serum free 12 18/~ 8544 » B48 /v A IGF-IR Ab %,

$1 IGF-IIR Ab — Bl pw > 48 8 — /6544 » Ao A IGF-I1 (10°M) £ R &

3 A8 B/ EFE - EER4mfne) DNA #% » 38 1.5 %eY agarose gel 89°E

7k e
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4t Bl — DNA fragmentation #9 & R 4% 407 % AngiotensinIl (AngIl)
2.0 Pl B A © P Insulin-like growth factors IT (IGF-1I ) #v IGF-II
receptor - $1 # ¥ - {2 IGF- 1 # 3% % #1 IGF-1 48 [5) & ~ survival factor>
X £ & 3% 18 IGF-1 receptor # w4 &k o ™% IGF-1I & 47 IGF-II
receptor BF » IGF-II receptor £ Gui-2 17141 A > #4] CAMP #u3¥ ju
mpy Ca’ influx » MA B Ca' 4B T 4575t Calcineurin-NFAT
signaling pathway> {8 3t & & X k45 # IGF- I £ 4& & Calcineurin-NFAT
signaling pathway $ 2 -SClmp ey AT > MABR— PERT TEEH A 4L
) IGF-11 & &% S 8O AL ta fiL B < 12.3% A& & IGF-I receptor antibody
BAETFT A IGF-TREEHHeBEEARAL 0 oA IGFI
receptor antibody &9 B &9 » £ # & IGF-II & & & IGF-II receptor
pathway ° 1 4& & IGF- Il #o IGF-I receptor antibody ¥ 24 & A4 i A ¢
AR N Calcinéurin (cytosporine A; CsA) &p4| B4 » AT HH
FAB A 7 2 o byt B 4 R B 5w IGF- I f» IGF-I1 receptor 4§ &
AngTl S B ilimf At BE T » REBHEL IGF-TLALE
IGF-I receptor antibody #15TF » 4+ &A@ E458EF > EMEFL
Calcineurin ¥ 2 S ylLim A o

AngTl 3 KB F A #93% fv IGF-T & IGF-II receptor &% B %
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B E ’1"9/{1':51 o BpEE IGF-T #o IGF-1I receptor %+ #1 4
AngiotensinIl (Ang I ) 2 S Pltm o A C e RRE T » ATUABRMER T
FAEREIMEARRAIpHIB 0 BEE Angl & F A3 Ao IGF-I & &
BEBOAREARE  URAREBHAREAMER? & E = RT-PCR
#h 45 R 45 40 0 Ang 1 #£ B $E3% Ao IGF- 11 &, IGF-1I receptor & & B & B
% 45 0 Angll £ 8 ERK R3g/0 IGF-IH AR KR EURE
iB INK 3% fo IGF-Il receptor 89 A B AR F

AR XBEFs 8 Ang Tl £ £3%18 JNK ~ ERK #v Calcineurin
Z A5 #8483 R cardiac hypertrophy * {1248 #} %> Hypertrophy @ Ang 11
LHochim i AU B2 E RBRANRT > £B = (A) DNA
fragmentation &) § 5z 45 % ‘1? 5 & AngIl £ £ 1% i JNK Fv Calcineurin
HtE 4 B AL AR AT {248 su A U0126 ( MEK inhibitor) 74 -
DNA fragmentation &) 38, % 5 & 35 #9157 » BA-~ Angll & ERK Ffri& %,
S AT AREHEBIE - mE = (B> C) western blotting #9 &
E ¢ > A& 7 pro-apoptotic protein ( Caspase 8 Fv Caspase 9) 74L&
AR T BEHRER F1F4 > AngTl ¥ 4E % 4L Caspase 8 v Caspase
9, B A#%iB INK - Calcineurin #v ERK i = 45842 » }b—FHER
#28 = (A) DNA fragmentation &) % 348 F] -

Bt BT RE L SBH S Angll & SD K a R AT HE
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KN HRHEE LA CERKGE Y £ FHM%E IGF-T 7Fﬂ IGF-11 receptor
B & BRI H » 2B W (A~ B) western blotting #» RI-PCR 44 £ ¢ -
HHERHRERER  ACENOHMKEE A REF-UAGF-IDfo 43
BREEAERTF-I 2% BAGF-I recepton)ti AR AR EHE G AT
THELRRMOG LA MFENY 0 FIRHER4EESE IGF-II R
IGF-IIR #5 k. # > 7546 A& &Y Caspase 9 ey A R EA ABE LA B L Jﬁ
MES R REMIE A £20 A5 $ 3 RBHARE - B4 invivo
BIIRIET &SRR I RBT H R iﬂﬁkﬂ—j— » IGF-1I & IGF-IIR
B ERBEMF M FR - B 4ERE 2 3 he pro-apoptotic protein (iE1b
f& Caspase 9) 49 RHAE - MABRW (C) ¥ - HET4d IGF-TH
IGF-I receptor antibody # #% .calLétafg B F » 2 R 8 pe A IGF-II
receptor antibody » Bl A C# R L4k FET » B IGF-T A& &
IGF-IIR i& s S ALtm B g A o

A bk HRATHR T Ang Il i i8 JNK -~ Calcineurin #v ERK #
oo pLia i A< 5 B IGF-1 #o IGF-II receptor 4 #14c Ang I1 & 2.S AL
W AR T Jﬁ%}iﬂ, AngTl &% i® ERK R 3% o IGF-T #9 K B
FREUREB INK 238 o IGF-II receptor ¢y AR AR E - Bi5H
IGF-11 54 %8 & IGF-I receptor & 4 FAHLe915 AT » 4 d IGF-II receptor

754t Calcineurin i S ALsm B &) A& - BT A Ang Il #2300 ALt B A
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iR AE ¥ o IGF-TI 48 IGF-11 receptor £ 7% 16 & 3542 5 — s & M #) f

@, o
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